Introduction {#S0001}
============

Schistosomiasis, a parasitic infection, is a public health concern in many countries. Its prevalence is increasing annually; the current infection rate is one in 30 individuals. The WHO reported that at least 206.4 million people all over the world required preventive treatments for schistosomiasis in 2016, of which more than 89 million people have been treated as of right now.[@CIT0001]

Intestinal schistosomiasis occurs due to *Schistosoma mansoni* infection.[@CIT0002] Chronic *S. mansoni* infection has been reported in many schistosomiasis cases. The continuous deposition of parasite eggs in human body tissues, particularly the liver, and immunological responses against them are the main causes of chronic hepatosplenic schistosomiasis.[@CIT0003] Schistosomiasis, hepatitis B virus (HBV), and hepatitis C virus (HCV) co-infections are common in countries where schistosomiasis is endemic (endemic areas).

Acute schistosomiasis {#S0002}
=====================

Acute schistosomiasis is the critical primary clinical condition of infection with *Schistosoma* species. The acute phase is usually presented by persons from non-endemic areas (primary infection) who travel to and are exposed to freshwater in endemic areas. The clinical presentation differs according to the severity of the disease, which depends on the patient's immunological response to the parasite's eggs, especially the levels of circulating immune complexes in the patient's blood.[@CIT0004]

Chronic schistosomiasis {#S0003}
=======================

Chronic schistosomiasis is a chronic inflammatory disease that transitions into a chronic state because of the continuous deposition of the parasite eggs, which are trapped in host tissues. Immunological responses to the eggs lead to granuloma formation, which proceeds to focal areas of fibrosis in the liver. Several years later, the collective effects of chronic tissue irritation and damage could be resulted in liver failure and consequently severe clinical morbidity and mortality.[@CIT0005]

Hepatosplenic enlargement, portal hypertension and irregular liver surface are the most common hepatosplenic morbidities. The portal hypertension is the end result of the progressive periportal fibrosis. The irregular liver surface and may be associated with esophageal varices and haematemesis.[@CIT0006]

Immune response to hepatic schistosomiasis {#S0004}
==========================================

Cell-mediated immune response and granulomatous formation are the main characters of hepatic schistosomiasis. Immune response results from the allergy to the soluble egg antigen of *S. mansoni*. Moreover, many pathological changes are happened as irreversible fibrosis and, consequently, severe portal hypertension[@CIT0007]

Continuously laying of eggs in the liver for approximately 3 weeks leads to activation of immune system and so the hypersensitivity state is developed without ending.[@CIT0008]

First and foremost, the parasite eggs stimulate the immune reaction and cause a moderate type 1 helper (Th1) response.[@CIT0009] Conversely, this usually evolve to a dominant Th2 immune response which developed due to the stimulation of egg-derived antigens then eosinophils were recruited, granuloma was formatted and fibrogenic process of the liver was initiated.[@CIT0010]--[@CIT0012] Though these pathological changes, which resulted from immunological response, were so important to the infected person, as granuloma formation. They block the hepatotoxic effects of parasite eggs antigen, this reaction may lead to many harmful changes as fibrosis with excessive accumulation of collagen and extracellular matrix proteins in the periportal space.[@CIT0013]

The cytokines asIL-4, IL-13 and IL-10 with interferon can stimulate helper T cell-mediated which cause delayed hypersensitivity reaction and granulomatous formation, moreover and interestingly a subset of regulatory T cells can limit the schistosomal-induced pathology.[@CIT0009],[@CIT0014]

Also, many different cells were activated as macrophages, hepatic stellate cells and regulatory T cells.[@CIT0015],[@CIT0016] The balance, which happens between both TH1- and TH2-type cytokines, could influence the extent and degree of the pathology and the development and acceleration of fibrosis.[@CIT0017] The granulomas contain the parasite eggs of *S. mansoni* and *S. japonicum* and consequence, the marked portal and peri lobular fibrosis formation are developed.[@CIT0018]

In addition to the fibrosis formation, there was a critical process that was happened in the lesion. This process is an angiogenesis, which has an important role during granuloma formation and schistosomal portal fibrosis.[@CIT0019],[@CIT0020] Likewise, angiogenesis has an interesting mode of action since it has a two-way, participating both in fibrogenesis and in fibrosis degradation.[@CIT0021]

Schistosomiasis, HBV and HCV co-infection {#S0005}
=========================================

Schistosomiasis, HBV and HCV co-infection are reported in many countries especially in countries where schistosomiasis is endemic, such as Egypt. In Egypt, the prevalence of schistosomiasis in patients with HCV infection was approximately 50% and also other studies reported about 27.3% of Egyptian patients had both HCV-RNA and schistosomiasis.[@CIT0022],[@CIT0023] Additionally, the high prevalence (40.2%) of HCV and *S. mansoni* co-infection was reported in wastewater treatment plant workers.[@CIT0024]--[@CIT0026] However, the prevalence of co-infection of HBV with *S. mansoni* was approximately 19.6--33.0%. Interestingly, the high prevalence was demonstrated in People\'s Republic of China about (58.4%) of the patients had HBV with chronic schistosomiasis.[@CIT0027] In addition, the exposure risk for HBV in patients with HCV and schistosomiasis was two and half times greater than that in CHC patients without schistosomiasis.[@CIT0023]

Likewise, in Egypt, the prevalence of occult hepatitis B is elevated in patients with HCV co-infected with schistosomiasis (12.8%) compared to those without schistosomiasis. The study showed that schistosomiasis was a risk factor for the higher incidence of occult hepatitis B in CHC patients because it had a negative effect on HBV replication and helped to hide the virus inside hepatocytes.[@CIT0023]

Moreover, patients with chronic schistosomiasis have high risk to get HCV and HBV co-infection because of contacting with parenteral treatment for schistosomiasis unsterile syringes during mass campaigns, blood transfusion for anemia, surgical and endoscopic interventions.[@CIT0028]--[@CIT0030]

Immunology of co-infection of schistosomiasis with HBV and HCV {#S0006}
==============================================================

Immunology of schistosomiasis, HBV and HCV co-infection was demonstrated in patients with hepatosplenic schistosomiasis which was associated with a marked depression in cell-mediated immune responses.[@CIT0031]

In addition, the effects of the hepatotropic virus co-infection may modify the Th2-dominated granulomatous phase of schistosomal infection. They induce a strong-specific T cell response, with infiltration of large number of specific interferon (IFN)-γ-producing CD8+ cells into the liver ([Figure 1](#F0001){ref-type="fig"}). Figure 1T cell response with infiltration of large number of specific interferon (IFN)-γ-producing CD8+ cells into the liver.

Moreover, these immunological changes could lead to decrease cytokine levels by downregulation of Th2 cytokine production that are dominant during *S. mansoni* infection and prompt hepatotoxicity-related morbidity.

The outcome of liver diseases depends on the underlying causes, host immune response and concomitant infections. Co-infection of the schistosomiasis and HCV infection causes advanced liver disease and worsens the outcome, especially with higher HCV-RNA titers, which increase the mortality rate, through an increase the incidence of liver cirrhosis and hepatocellular carcinoma.[@CIT0032],[@CIT0033]

Likewise, to evaluate the immune response of the host to *S. mansoni* co-infection with HCV, we have to assess cell-mediated immunity by measure T helper cells either Th1 or Th2 and the specific subset of memory CD8+ T cells. Any defect in the immune responses like Serum levels of IFN-γ, IL-5 and humoral immunity, by measure IgE levels, results in decrease clearance to HCV.[@CIT0034]--[@CIT0036]

Consequently, liver fibrosis, is the dramatic histopathological changes, results from these immunological reactions: hepatic inflammatory responses and viral clearance to *S. mansoni* and HCV co-infected.[@CIT0037]

Role of chronic schistosomiasis and HBV/HCV co-infection on the liver pathology {#S0007}
===============================================================================

Chronic schistosomiasis and HBV/HCV co-infection can cause a variety of pathological changes in the liver and affect the architecture of hepatocytes arrangement and affect the viability of hepatocytes itself.

Chronic schistosomiasis and HBV co-infection may end with liver cirrhosis to hepatocellular carcinoma in advanced degrees as the co-infection exaggerated the liver pathology more than mono-infection with HBV.

Chronic schistosomiasis is a considerable risk factor for HBV infection and it can facilitate the HBV entrance through change immune response and liver pathology or through the mode of transmission because some schistosomiasis patients may need to blood transfusion.[@CIT0038]

However, the studies, which were done on the relation of chronic schistosomiasis and HBV co-infection and liver pathology, were discrepancies. Some studies reported there was no association between schistosomiasis and worsening of HBV infection. The antiviral effects of schistosomes related to IFN-γ and nitric oxide inhibited HBV replication,[@CIT0039] while other studies reported a poor prognosis of HBV when associated with hepatosplenic schistosomiasis.[@CIT0033],[@CIT0037],[@CIT0040]

In addition, co-infection of HBV with schistosoma prolongs the carriage state and commonly proceeds to chronic hepatitis with extensive cirrhosis.[@CIT0025] Chronic schistosomiasis and HBV co-infection could increase the chronicity, morbidity and liver decompensation.[@CIT0036],[@CIT0041]--[@CIT0043]

Similarly, a co-infection of HCV with schistosoma was accompanied with a decrease in the capability to spontaneously resolve the viral infection and frequently leads to rapid fibrosis and also higher mortality. These were explained by the synergistic interactive relationship of schistosoma-HCV with both liver fibrosis as well as with the mortality.[@CIT0025] Increased HCV-RNA titers, histological activity, incidence of cirrhosis/hepatocellular carcinoma and higher mortality rates were noticed in patients with co-infection.[@CIT0033]

Many studies had investigated the degree of severity of liver disease in patients with single viral infection and patients with viral co-infection. The high incidence of liver cirrhosis and liver damage is reported in patients with viral co-infection.[@CIT0044]--[@CIT0047] The increase in the severity of chronic HBV infection was demonstrated in patients had HCV-Ab.

HCV-Ab was detected in 8% of chronic HBV infection and increased with advanced liver diseases as in patients had HBV-related cirrhosis; HCV-Ab was detected in 10%. Moreover, patients who suffered from HBV-related hepatocellular carcinoma, HCV-Ab was detected in 17%.[@CIT0048] Likewise, liver cirrhosis was more prevalent in patients with chronic HCV and occult HBV infection with a documented synergistic action of both viruses together in the progression of the liver disease.[@CIT0049] Hepatocellular carcinoma was more commonly recognized in co-infected patients (14%) in comparing with 2% and 4% of chronic hepatitis patients who gained over malignancy on top of chronic HBV and HCV infections, respectively.[@CIT0050]

The primary prevention of HCV and HBV infection in endemic country with schistosomiasis is so important and necessary. Insipid of no vaccine presents nowadays for HCV, many procedures have to be done to decrease HCV transmission in this risky population. HBV vaccine is essential to be used as a routine vaccine for them.

Interestingly, in patients who had schistosomal infection, HBV vaccines can enhance the immune response while on the other hand, reduce the responses to vaccination was reported.[@CIT0031],[@CIT0040],[@CIT0051] Hence, further large-scale clinical studies are required to establish the final relation of schistosomiasis and HBV co-infection.

Finally, chronic schistosomiasis and HBV/HCV co-infection have serious effects on liver pathology. Co-infection accelerates the progression of liver disease and leads to advanced liver diseases and liver failure.
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